The performance of Earthing grid system is very important to ensure the human and protective devices in safe environment. Actual
INTRODUCTION
The main objectives of a substation grounding system is to provide a path that carry electric currents into the earth under normal and fault conditions without exceeding any operating and equipment limits or adversely affecting continuity of service and to assure that a person in the vicinity of grounded facilities is not exposed to the danger of critical electric shock. So, it is necessary to calculate the safety step and touch voltage level for the person who works in the vicinity of grounded facilities in normal condition. Under normal condition, i.e., the horizontal elements do not have any failures, the touch and step voltages, shown in figure 1, will not be dangerous for staff or equipment that stand on the top stratum of soil. But, during abnormal situations such as insulation failures of equipment, lightening strokes and etc., high currents flows through the grounding grid.
In this situations a very high voltage levels of actual step and touch voltage will be introduced and the environment will not safe anymore. The highest values of voltage rise will be on the edge elements of the grounding device [4] . The value of actual mesh voltage and step voltage must less than tolerable touch and step voltage even under the fault condition. Therefore, it is also very important to design the earthing grid system so that the actual step and touch voltage level would be maintained within the allowable limits. The actual step and touch voltage level mainly depend on the ground potential rise, GPR. The more the GPR rise, the higher the actual step and touch voltage level. The major parameters of the earthing grid design are soil resistivity, spacing and size of horizontal grid and length and number of vertical earth rods. The variance of length and number of vertical earth rods under the uniform soil resistivity will greatly affect the value of ground potential rise. The main purpose of this paper is to choose the most safety earthing grid design over the three following cases: a substation-(i) with 38x10 m ground rods earthing system, (ii) with 76x5m ground rods earthing system and (iii)with 126x3 m ground rods earthing system under the same uniform soil area. 
BUILDING EARTH GRID MODEL
Since grounding grid is mainly composed of horizontal earth electrodes and vertical earth rods, it is needed to make a circuit model that represents the horizontal and vertical element. All the horizontal and vertical elements shown in figure 2 represent not only self-resistance of conductors itself (steel, copper, copper clad etc.) but also lumped-resistances to earth of the buried in soil conductors. It consists of three parts: (i) a self-resistance of the conductor material, (ii) contact resistance between material of the element and soil and (iii) soil resistivity itself. Thus, the total resistance that resists to the current which leaks from the element to earth can be presented as:
.
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However, the first two elements (R me and R cont ) have very small values and often can be neglected.
The resistance of the vertical and horizontal elements in the soil can be calculated as By taking required data from table 1, the values of horizontal and vertical elements of the substation grounding grid can be calculated by using equation (2) and (3) in order to make a simulation model in MULTISIM.
Sample data for test system

Calculation of horizontal and vertical resistance
Case (1), is the base case and grid layout dimension is shown in figure 3 . The area of the grid layout is 63m x 84m. In this case, 
CALCULATION OF EARTHING GRID RESISTANCE
A good grounding system provides a low resistance to remote earth in order to minimize the GPR. For most transmission and other large substations, the ground resistance is usually about 1Ω or less. In smaller distribution substations, the usually acceptable range is from 1 Ω to 5 Ω, depending on the local conditions. 
CALCULATION OF MAXIMUM STEP AND MESH VOLTAGES
Mesh voltage (E m )
The mesh voltage values are obtained as a product of the geometrical factor, K m ; a corrective factor, K i , which accounts for some of the error introduced by the assumptions made in deriving K m ; the soil resistivity, ρ; and the average current per unit of effective buried length of the grounding system
The geometrical factor K m (Sverak [B132]), is as follows
For grids with ground rods along the perimeter, or for grids with ground rods in the grid corners, as well as both along the perimeter and throughout the grid area,
For grids with no ground rods or grids with only a few ground rods, none located in the corners or on the perimeter. Table 1 .
The irregularity factor, Ki, used in conjunction with the above defined n is:
For grids with no ground rods, or grids with only a few ground rods scattered throughout the grid, but none located in the corners or along the perimeter of the grid, the effective buried
Where, L R is the total length of all ground rods in m
For grids with ground rods in the corners, as well as along the perimeter and throughout the grid, the effective buried length,
Where, L r is the length of each ground rod in m.
The mutual impedance among elements in the grid can be presented by multiplication factor "F" from [3] ;
Where, N -the total number of rods in rod bed, 
Step voltage (Es)
The fault condition, the actual touch voltages for every case become over the allowable limit at a certain injected current level. The three injected current levels of case (i), (ii) and (iii) that make the actual touch voltages over the allowable limit are 9kA, 14kA and 12kA respectively. The actual mesh and step voltages can be calculated by using equation (4) and (16) for this power plant. The mutual impedance among elements in the grid can be presented by multiplication factor "F" from [3] . In [2] multiplication of ρ× I g is voltage at the node of the grid. So by using the values from Table ( 2). So, these calculated results are as follows: Step Voltage (V)
Case (ii)
Step Voltage (V)
Case (iii)
Step or non-uniform soil, the calculation of touch and step voltage performance should be considered the sign and value of reflection factor coefficient "k" according to upper layer and lower layer resistivity and also the depth of the top layer, "h".
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